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Phlebotomine vectors can in some instances transmit only certain specie:-
of Leishmania. Comparison of a large number of vector/parasite pairs
revealed that species differences in vecttorial competence were in case
directly correlated with the ability of promastigotes to attach to
the sandfly mid-gut, the varriable outcomes of which were controled by
structural polymorphism in the surface lipophosphoglycan (LPG4f the
parasite. The ability of the Phlebotomus papatasi to trasmit only
Leishmania major could be attributed to the unique, highly substituted
natureof L. major LPG htat provides for multiple termianlly exposed
B-linked galactose residue- for binding. While the relatively unsubsti-
tuted LPGs of other Leihmania species were unable to mediate promasti-gote attachment to P. papatasi, they could mediatebinding to midguts
of Phlebotomus argentipes, which was found to be potentially vector
for every Leishmania species examined. Tha data sggest that at least
some of the phlebotomine vectors differ with respect to the parasite
recognition sites which they express and that midgut adhesion is a
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ABSTRACT Phlebotomine vectors can in some instances of logarithmic-phase (procyclic) promastigotes controlled by
transmit only certain species of Leishmania. Comparison of a the expression of terminally exposed galactose residues on
large number of vector/parasite pairs revealed that species- the lipophosphoglycan (LPG), the major promastigote sur-
specific differences in vectorial competence were in every case face molecule. Among the earliest methods used for species
directly correlated with the ability of promastigotes to attach to identification was •erotyping of spent-medium excreted fac-
the sand-fly midgut, the variable outcomes of which were tor (EF) (8), which is now known to contain a shed form of
controlled by structural polymorphisms in the surface Ii- LPG (9). In all species studied to date, the LPGs comprise
pophosphoglycan (LPG) of the parasite. The ability of Phle- linear chains of phosphorylated oligosaccharide repeats
botomus papatasi to transmit only Leishmania major could be which are anchored to the membrane via a glycosylphos-
attributed to the unique, highly substituted nature of L. major phatidylinositol anchor (reviewed in refs. 10 and 11). The
LPG that provides for multiple terminally exposed P-linked phosphoglycan moieties share a common backbone consist-
galactose residues for binding. While the relatively unsubsti- ing of repeating disaccharide units of PO4-6Gal01-4ManaI
tuted LPGs of other Leishmania species were unable to mediate where the 3 position of the Gal residue can either be unsub-
promastigote attachment to P. papatasi, they could mediate stituted [as in East African isolates of L. donovani (12)].
binding to midguts of Phlebotomusargentipes, which was found partially substituted [as in L. mexicana (13) and in L. ama-
to be a potentially competent vector for every Leishmania zonensis and Indian isolates of L. donovani (S.J.T. and
species examined. The data suggest that at least some phiebot- D.L.S., unpublished work)], or almost completely substi-
omine vectors differ with respect to the parasite recognition tuted with a variety of saccharide side chains [as in L. major
sites which they express and that midgut adhesion is a suffi- (14) and L. tropica (S.J.T. and D.L.S.: M. McConville,
ciently critical component of vectorial competence as to provide unpublished work)]. Additional interspecies polymorphisms
the evolutionary drive for LPG structural polymorphisms. may also occur in the structure of the predominant neutral,

mannose-containing oligosaccharides that cap the nonreduc-
Leishmania parasites are transmitted to their mammalian ing terminus of the phosphoglycan chain.
hosts via the bite of an infected female sand fly. There is much We have compared the vectorial competence of P. pap-
evidence that some Leishmania species can be transmitted atasi plus another important vector of leishmanial disease in
only by certain phlebotomine species and not by others the Old World, Phlebotomus argentipes, for various species
(reviewed in ref. 1). The life cycle of suprapylarian Leish- of Leishmania. We report that promastigotes and their LPGs
mania species within their natural or permissive vectors of different Leishmania species do in some cases display
suggests a number of potential barriers to complete devel- inherently different binding capacities for the midguts of
opment that might occur in vector-incompetent species, different vectors, and the extent of binding in each case
including susceptibility to the proteolytic enzymes in the gut. forcefully predicts in which parasite/sand fly combinations
which might inhibit the growth of parasites in the digesting the development of transmissible infections can occur.
bloodmeal (2); inability to escape the peritrophic matrix,
which behaves as an early barrier to parasite migration out of MATERIALS AND METHODS
the abdominal midgut (3); inefficient binding of promastigotes
to midgut epithelial cells, which is thought to prevent the loss Parasites. The following cloned lines of Leishmania pro-
of infections during excretion of the digested bloodmeal 14, mastigotes were used: NIH/Friedlin strain of L. major, clone
5); and defective differentiation to and forward movement of Vi (MHOM/IL/80/Friedlin). and L. major strain LRC-137,
metacyclic promastigotes, which is required for positioning clone V121 (MHOM/IL/67Jericho-lI), each isolated from
of infective-stage parasites for efficient transmission by bite patients with cutaneous leishmaniasts in Israel: L. major Neal
(6. 7). strain (MRHO/SU/59/P). isolated from a giant gerbil in the

Of all these events, the attachment of promastigotes to former Soviet Union; L. major strain L119 (MTAT/KEi'00/
midgut epithelial cells might be most likely to explain, at least T4), an LPG-deficient strain isolated from a patient with
in part. species-related differences in vectorial competence, cutaneous leishmaniasis in Kenya (15); L. donovani strain IS
since it is controlled by molecules which display extensive from Sudan (MHOM/SD/00/1S-2D) and L. donovani Mongi
interspecies polymorphisms (5). Adhesion of Leishmania strain from India (MHOM/IN/83/Mongi-142), each isolated
major promastigotes to midguts of their natural vector, from bone marrow biopsies of patients with visceral leish-
Phlebotomus papatasi. was found to be an inherent property mamasis: L. tropica Azad strain (MHOM/AF/83/Azad),

isolated from a patient with cutaneous leishmaniasis acquired
The publication costs of this article were defrayed in part by page charge
paymenc. Thus article must therefore be hereby marked "advertusemrent Abbreviation: LPG. lipophosphoglycan.
in accordance with 18 U.S.C. 11734 solely to indicate this fact. "To whom reprint requests should be addressed.

915



9-156 Medical Sciences: Pimenta et al. Proc. Nail. Acad. Sci. USA 91 (19941

-n Aftinanistan" L. amazoner.sis Joefa strain MHOM/BR, dissected midguts were fixed with 2% formaldehyde in PBS
,)O/Jomefa'. isolated from a patient Aith :utaneous !eishman- at 4`C for 20 mim. After several washes in PBS they were
asis in Brazil: and R2D2. a vanant --ell line of L. donovant IS incubated for 45 min with LPG at )0 Mg, ml. After several
,elec~ed :or ricin resistance and defectoir 'n the nynthesis of washes mhe guts were incubated in a 1:200 dilution of -scites
LP6 161. ro select an LPG mutant of L. major Friedlin containing monoclonal antibody 45D3 (an IgGI which rec-
.train. parasites Aere mutageni/ed with V-methyl-N'-nitro- ognizes LPGs of all species studied to date- D.L.S.. unpub- -
N-nitrosoguanidine 1 16. 17). and - < 10 promastigotes were lished work) followed by incubation with fluoresceinated
resuspended in 20 ml of M19q medium to which peanut anti-mouse lgG. Stained guts were examined microscopically ;A"
agglutinin (PNA) was added at 100 ;g, ml. Agglutinated cells under ultraviolet and bright field exposures.
were allowed to settle overnight, the parasites in the super- 4-
natant were grown to stationary phase, and the PNA selec- E L
tion was repeated. The PNA-negative population was plated RESULTS
on M\199 agar. yielding 32 colonies. Of these, none showed Survival of Leishmania Species in P. papaiasi. Two days
agglutination with PNA and 31 failed to agglutinate with after membrane feeding on mouse blood containing different
either ricin agglutinin or the monoclonal antibody CA7AE. species of Leishmania amastigotes, midgut promastigotes
which is specific for the disaccharide phosphate repeat of were found in 100(% of P. papatasi fed on L. major or L.
LPG (18). The single PNA-negative. ncin-positive. CA7AE- donovani IS. in 75% of flies fed on L. amazonensis. and in
positive colony was plated once more. yielding a clonal 55% of flies fed on L. donovani Mongi (Fig. 1). On day 4,
mutant designated KIRK. which was maintained in medium shortly after the bloodmeals had been digested and passed,
with PNA at 50 Agi'ml. the infection rate remained 100% in P. papatasi infected with

All promastigotes were grown in mcdium 199 supple- L. major, but 0% in flies infected with each of the other
mented with 20% (vol, vol) heat-inactivated fetal bovine species. Similar results were observed when flies were in-
serum, penicillin (100 units/ml) streptomycin (50 Ag,'ml), and secied with results pr e o f whe flies Lein-

12.5mM -gltamie (ll rom dvacedBiotchnloges. fected with procyclic promastigotes Of the various Leish-12.5 mM bi-glutamine (all from Advanced Biotechnologies. mania species. including L. tropica. for which the lack of
Columbia,animal models made it difficult to obtain amastigotes for use
0.0005% hemin. Procyclic promastigotes were harvested in iniml mons The in antitatel by
logarithmic phase (1-2 days) and washed with Hanks' bal- in fly infections. The infections were scored quantitatively by
anced salt solution containing I mM MgCI: and 0.15 mM homogenization of individual midguts and counting of re-CaCI2 . Amastigotes were purified from macer-ited mouse leased parasites. hi'"ection rates in flies on day 2 were -

fad. leastionsor from hamster spleens m19 e astigotes 90-100%. and there was no significant difference in thefootpad lesions or fm number of midgut promastigotes when flies infected with the
Sand-Fly Infection and Dissection. P. papatasi an P. different species were compared (Fig. 2). On day 8, infections

arnFentpes sand flies were reared and maintained in the were retained only in flies infected with L. major (90%),Department of Entomology. Walter Reed Army institutn of compared with L. donovani IS (16%), L. donovani Mongi

Research. Three- to 5-day-old female sand flies were fed 0 L. amazonensis t 9%), and L. tropica w 0er ) l Fig. 2).
through a chick skin membrane 120) on a mixture of hepa- Promastigote-initiated infections were also compared for
rinized mouse blood containing 106 amastigotes or 106 pro- two other virulent strains of L. major srNeal n-d L137) and
cyclic promastigotes per ml. For infections using procyclic two attenuated L. major strains (L119 and KIRK), which
promastigotes. the red blood cells were washed twice in express deficient amounts and atypical forms of L. major

0.86% NaCI and added back to the plasma, which was LPG. Excellent growth and survival of midgut promastigotes

heat-inactivated at 56°C for 45 min. Blood-engorged sand flies were observed for the two virulent strains, confirming the

were separated and maintained at 28°C with 30% sucrose. At competence of P. papatasi for L. major strains, even of

various times after feeding, the flies were anesthetized with diverse geographical origin. In contrast, midgut infections
CO-_. and their midguts were dissected and examined micro- with L119 and KIRK were completely lost, suggesting that

scopically for promastigotes. In some experiments the num- the ability of L. major strains to persist in P. papatasi after

ber of midgut promastigotes in infected flies was determined bloodmeal passage is dependent on their expression of an

by placing individual midguts into a microcentrifuge tube appropriate amount and form of LPG. The KIRK mutant also

containing 30 gd of phosphate-buffered saline (PBS), pH 7.4. showed significantly less growth than the wild-type strain on

Each gut was homogenized with a Tefloncoated microtissue day 2. suggesting that LPG might play a role in the growth and

grinder, and released promastigotes were counted in a hemo- W
cytometer.

In Vitro Assay for Promastigote Binding to Sand-Fly Midgut.
Binding of promastigotes to sand-fly midguts was quantitated so)
by a modification of an in 'itro technique (5). Three- to
5-day-old nonfed female sand flies, maintained on 30% su-
crose, were dissected in PBS. Heads. crops. hindguts. and
Malpighian tubules were removed, and the isolated midguts
were opened along the length of the abdominal segment with - -
a fine needle. Midguts (7-10 per group) were placed in the
concave wells of a microscope chamber slide. Leishmania
promasttgotes (2.5 x 10- per ml) in 40 g1 were added to the
guts and incubated for 45 mm at room temperature. The guts
were then individually washed by placing them in successive
drops of PBS. Guts were homogenized and released promas-
tigotes were counted as described above. P values were VI Lrn :s t.d \Mon Ld Jos L[

obtained from Student's t test for paired samples. FiG. 1. Outcome of infections in P papatasi memb,'-ne-fed on
Fluorescent Staining of LPG-incubated Midiutts. LPGs bloouimeais containing amastigotes of various species or strains. Day

from cach species of Leishmania were purified from procy- 2. solid bar: day 4, hatched bar. Twenty to 30 flies per group were
clic promastigotes by specific extraction of LPG followed by examined at each time point. Lm. L. major; Ld. L. donovani: La, L.
affinity chromatography using octvl-Sepharose (21). Opened. amazonensis: Mon, Mongi: Jos. Josefa.
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FIG. 3. Outcome of infections in P. argentipes membrane-fed on
bloodmeals containing various species or strains of Leishmrnia . All

•. * * * . infections were initiated with amastigotes excent for Azad eL.
Lm!S IS n Mold ovia -i\5, NdL caul 'm LIIQ/Lm KIRK tropica) and R2D2. which were initiated with proc,,clic promasti-

gotes. Day 2. solid bar: day 5. hatched bar. Fifteen to 20 flies were

l00 Davs t-S examined at each time point per group.

detective L. major strains L119 and KIRK. In contrast,
significant and comparable levels of binding were observed
for each species of Leishmania incubated with P. argentipes
midguts (Fig. 4B). The average number of procyclic promas-
tigotes attached after washing varied from 5400 to 11,000 per
gut. While the strain with the greatest binding was the Indian
"L. donovani strain. for which P. argentipes is a natural
vector, this difference was not significant when compared
with the binding observed for each of the other species. The

20 binding of the R2D2 mutant, 600 per gut, was significantly
less than that of the wild-type IS strain (P < 0.01). P.

0L i S .T argentipes midguts are ý30% smaller than those from P.
VI IM IS4_d Mol,Ld •ovLa kz~ad/l~t Neal/Lrr L137/Lm LI 1g/Lm KIRK

;-A
FIG. 2. Outcome of infections in P. papatasi membrane-fed on

bloodmeals containing promastigotes of various species or strains.
(Upper) Number of promastigotcq in m!dg,)is of individual flies on 40)
day 2. 1Lov er) Percent of flies still infected on days 6-8 (15-20 flies
per group). Lt. L. iropica: other abbreviations are as in Fig. 1.

Z 30"
survival of promastigotes in the bloodmeal even prior to its
excretion.

Survival of Leishmania Species in P. arentipes. Two days 2
after infection of P. argentipes with different species of
Leishmania amastigotes. transformation to and excellent
growth of midgut promastigotes were found in 100% of the (I
flies in each group (Fig. 3). On day 5. again after the <
bloodmeals had been fully digested and passed. the infection OIL
rates remained 1001% in flies fed on L. donovani IS and L. U0 5-U 1s,,•, Karj,•l,
amazonensis and were still 80% in the flies fed on L. major
and L. donovani Mongi. Heavy anterior midgut infections B
were found in a high proportion of flies in all groups when _
examined on day 12 (data not shown). P. arkentipes also
appeared competent for the full development of L. tropica.
Infections in this case were initiated with promastigotes. and
100% of the flies were infected both before and after blood- _p
meal passage. In contrast. promastigote-initiated infections
using the LPG-deficient L. donovani mutant R2D2 were
relatively low on day 2 (55%) and were completely absent on
day 5.

Midgut Binding of Procyclk Promastigotes. Procyclic pro-
mastigotes of each strain were incubated with P. papatasi
midguts which had been cut open in the posterior segment to
allow parasites to penetrate freely into the lumen. After
washing. an average of 34.400. 26.000. and 34.000 L. milor Vl 1-M S Ld Mon.Ld TosL .AzadL! R2D"

procyclics of VI. L137, and Neal. respectively, remained
bound per gut (Fig. 4A). Procyclics of all the other species FIG. 4. Binding in vitro of Letshmania promastigotes to midguts
bound poorly (<2900), as did promastigotes of the LPG- (7-10 per groupi of P. papatasi (A) or P. areentipes B).
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(;al G;al ra gesting i close evolutionary, fit between Leishmana species
;al tGal Gal (;l and their vectors has been obtained from studies involving P.

Ma %tan- - paparasi 1.) As far as -ve are aware there is no evidence that
i l *l -i P. papatasi is involved in the natural transmission of any

Leishmania species other than L. major. This specificity wasGa.l Gal

reproduced in the laboratory by our own studies, which
confirmed several earlier accounts demonstrating that P.

Man Man'- mian papatasi. fed on either expenmental lesions or through a
membrane, will support the full growth and development of

Gai L. major in high frequency. but not of any other Leishmania

Fic. 5. Basic structures of procyclic LPGs of L. major and L. species 22-24). In experiments involving artificial meals, the

donovant. depicting the PO4-Gal-Man backbone repeats with or resistance of sand-fly vectors to various species of Leish-
without various oligosaccharide side-chain substitutions, as well as matinw can be overcome by increasing the number of parasites
one of a number of mannose-containing neutral capping sugars. ingested (22).

In our studies, the loss of promastigotes in P. papatasi
papatasi. and this may account at least in part for the infected with inappropriate Leishmania species coincided
relatively lower level of binding to P. artgentipes midguts, with the passage of the digested bloodmeal (days 3-4).
even when the two natural parasite/vector combinations are suggesting a defect in their ability to anchor themselves to the
compared. gut wall. Wiiile promasrigotes from the three virulent strains

Binding of Purified LPGs to Phlebotomine Midguts. LPGs of L. major bound efficiently to P. papatasi midguts in vitro.
were purified from procyclic promastigotes of five strains of the binding of promastigotes from each of the other species
Leishmania known to differ in the structure of their phos- tested was relatively poor. An identical pattern of species-
phorylated oligosaccharide repeats. The structures for L. restricted binding was obse.-ved with LPG purified from
major and L. donovani IS have been extensively character- procyclic promastigotes. The role of LPG in mediating the
ized (12. 14) (Fig. 5). The characterization of the other LPGs attachment of L. major promastigotes to P. paparasi midguts
remains preliminary. L. amazonensis LPG appears to be was demonstrated in our previous study, in which procyclic

similar in structure to L. mexicana LPG (13) and is partially LPG from L. major or LPG repeat units with a terminal
substituted with side chains containing one or two sugars. galactose residue were able to completely inhibit promasti-
Indian L. donovani LPG is also partially substituted, whereas gote binding in vitro (5). That LPG is not only involved in. but
LPG from L. tropica appears to be almost completely sub- required for, midgut bindi~tg is suggested in the present study
stituted with larger oligosaccharide side chains by the low level of in vitro binding and lack of in vivo

The procyclic LPGs were incubated with dissected, persistence of two LPG-deficient L. major strains. L119 and
opened midguts of either P. papatasi or P. argentipes. KIRK. Because L119 was not obtained by specific selection
followed by washing and immunofluorescent staining with of an LPG-defective phenotype, it may express other differ-
monoclonal antibody 45D3, which recognizes an epitope ences which affect its survival in the fly. The KIRK mutant,
common to all LPGs. P. argentipes midguts incubated with in contrast, was specifically selected from the wild-type
each of the five LPGs were intensely stained throughout the Friedlin V1 strain for deficient expression of LPG side-chain
abdominal and thoracic regions. with no difference in staining substitutions terminating in P-linked galactose. While its
discernible between the groups (Fig. 6). In contrast, intense LPG has not been completely characterized, preliminary
staining of P. papatasi midguts was observed only with L. analyses reveal that the KIRK mutant expresses 6- to 10-fold
major LPG, prepared from the Fnedlin strain. Midguts less LPG. and its side chains include highly unusual mannose
incubated with the L. donovani. L. amazonensis. and L. substitutions (S.J.T.. unpublished observations. The high
infantum LPGs were stained only slightly above the back- affinity that the wild-type L. major LPG has for the P.
ground level seen in midguts incubated with antibody alone. papatasi midgut is most likely explained by a unique aspect

of its structure which provides for multiple 1-linked terminal
DISCUSSION galactose residues per molecule for binding. For the LPG

molecules of the other species examined, terminally exposed
Differences in the binding of procyclic promastigotes of galactose residues are either absent entirely or restricted to
different Leishmania species to midgut epithelial cells of two the single neutral capping oligosaccharide. This suggests that
sand-fly vectors were in every case predictive of which the putative receptors on P. papatasi midguts are dependent
combinations would result in the survival ofmidgut infections on recognition of multiple, densely configured terminal ga-
and subsequent development. Differences in midgut adhe- lactose residues for stable binding to occur.
sion. controlled by interspecies polymorphisms in LPG. Adler 125) was the first to investigate factors expressed
might therefore explain the stage specificity of vectorial during the early stages of infection in P. papatasi that might
competence observed in nature. Most of the evidence sug- explain its natural resistance to certain parasites. He found

--- U--
L dorXWoW L damolwlw L mio" L -mnmift L kilarilur

Fic. 6. Fluorescent staining of midguts of P. argentipes (Upper) and P papatasi (Lower) incubated with LPG purified from procyclic
promastigotes of vanous Leishmania species. Control guts were incubated with primary and secondary antibodies only.
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that I)- decreasing the percentage of serum in the bicooimeal. resulted in L. iopica establishing itself as aco-endemic .iment
the infection rate in flies infected with an inappropriate of visceral leishmaniasis .D.L.S., unpublished -work).
species presumabl', L. fropica) was significantly enhanced.
Schiern el ai. (26. 27) reported that proteoivtic enzymes We gratefully icknowledge Dr. P Lawver for his txpertise and
produced during bloodmeal digestion weie inhibited by in- as'S;s.tance :n pro% dJing :he .and-flv colonies. We thank S'dVatore
fection with L. major, as well as by L. major excreted factor Cilmi "or help xath the genieration of the KIRK mutant. This work
(possibly LPG). but not by infection with other species. If the was )upported in part h,6 National Institutes of Health Grant Ml2964

SM.B. and L.A.G.. the National Center for Human Genuine
etfect of the bloodmeal or digestive enzymes is to damage the Research and Howard Hughes Medical Institute 1L.AG.,ý and h
parasites directly, then this should be refle~t-ed by diifeiences MacArthur Foundation i P. F P.P. and S.M.B.).
in promastigote growth prior to bloodmeal excretion. The
LPG-deficient mutants KIRK and R2D2 did in fact produce I. Killick-Kendnck. R. (19851 Bull. Soc Pathol. Exor. 78. 747-
tower rates of infection and significanlay lower numbers of -55.
parasites at 48 hr. supporting the view that the blood- 2. Borovsky. D. & Schlein. Y. (1987) Med. Vet. Eniomnol. 1,
engorged midgut is a potentially hostile setting for the para- 2351-242.

sit an tht te LG oatis omeow roectve urig tis 3. Schlein. Y.. Jacobson. R. L. & Schlomai. J. 11991) Proc. R.siteandtha th LP cot i soeho prtecivedurng hisSoc. London B 245, 12 1-126.early stage of infection. This is not. however. the crucial 4. Warburg. A.Tesh. R. B. & Mc Mahon- Pratt, D. (1989) J_
point at which species-specific vettorial competence seems Protozool. 36. 613-617'.
to be expressed in our studies. since in most cases, those S. Pimenta. P.. Turco. S., McConville. M.. Lawyer. P.. Perkins.
promastigotes which produced normal amounts of [PG. P. & Sacks. D. (1992) Science 256. 1812-1815.'regardless of species, sustained high infection rates and 6. Heyneman. D. (1963) .4m. J. Trop. .Ied. Hivj?. 12, 7'25-740.
comparable levels of growth at 48 hr. 7. Schlein. Y_. Jacobsen. R. L. & Messer. G. (1992) Proc. Nai/.

While only L. major may possess the appropriate ligands A4cad. Sci. USA 89. 9944-9948.
for indng o P paatai mdgut. te L~s f oherspeies 8. Schnur. L. F.. Greenblatt. C. L. & Zuckerman. A. (1972) lsr.

forl binding ctoP. patas meidgtse sigifisn ofnin the spehes J. Wiedt. SLci. S. 932-9,;7.ý
woul beexpcte tomedatesigifiantbiningto h 9. Handman. E. & Goding. J. W. 119851 EMBO J. 4, 329-336.

midguts of those sand flies which are known to be their 10. Turco. S. J. & Descoteaux. A. (1992) Annu. Rev.Wicro~biol. .46,
natural or permissive vectors. Surprisingly. P. argentipes. 65-94.
which is the proven v~ector of L. donovani in India. was 11. McConville. M. (1991) Cell Biol. mIn. Rep. 15, 99.
permissive not only to the Indian L. donos'ani strain but also 12. Thomas. 1. R.. McConville. M.. Thomas-Oates. J. E.,
to all of the other specie-, tested. In vitro binding assays using Homans. S. W., Ferguson. M. A. J.. Gorin. P. A. J.. Greis.
P. argentipes midguts revealed significant and comparable K. D. & Turco. S. J. (1992) J. Biol. Chern. 267. 6829-6833.
levels of binding of promastigotes and LPGs for each species 13. 11g, T.. Etges. R.. Overath. P.. McConville. M.. Thoinas-Oate-.
tested. The role of LPG in mediating attachment to P. J. E.. Thomas. J.. Huimans. S. W. &Fergusen.M. A. 1992)1J

argnties idgts as ubsantate bythelac ofbiningBilo. Chern. 267. 6834-6840
argnnps mdgus ws sbstntitedby he ackof indng 14. McConville. M.. Thomas-Oates. J. E.. Fergusen. M. A. &

of the R-2D2 strain, which is a specific [PG-deficient mutant Homans. S. W. (1990(1J. Biol. Chem. 265, 19611-19623.
derived from L. donos'ani 1S (16). The data suggest that P. 15 McConville, M. J. & Homans. S. W. 11992)1J. Biol. Chern. 267,
argenhipes midguts possess a receptor, lacking in P. pap- 5855-5861.
alasi. for a relatively conserved oligosacchanide on procyclic 16. King. D. L. & Turco. S. J. (1988).Wol. Biochem. Parasitoi. 28,
LPGs. 285-29)4,

The comparison of promastigote binding to the midguts of 17. Kapler. G. M.. Coburn. C. M. & Be vertev. S. M. i 99M) Wol.
two Old World phlebotomine vectors indicates, not supi-Cell. Bilt. 10. 1084-1094.

ingly.~ ~ ~ ~ ~ ~ ~ ~ ~~i 18tteprst eonto stswihte xrs $ Tolson. D. L.. Turco, S. J.. Beecroft. R. P. & Pearson. T. W.
aeing. thaote paaseditersecognito sigtewhc theyeor poiexpres (189 Wo Biochem. Parasitot. 35, 109-118.

arein om caes ivrsean miht heefoe povde he 19. Saraiva. E. M. B.Pimenta. P.. Pereira. M. & DeSoiuza. W.
evolutionary drive for LPG structural polymorphisms. The 119F3) J. Parasitol. 69, 6.27-629.
selection for the unusual, highly galactose substituted [PG 20. Tesh. R. B. & Modi. G. B. (1987) A4m. J. Trop. Wed. HYvg 33,
expressed by L. major strains occurred, in this view, to take4116
advantage of a widely distributed sand-fly species which is 21. Orlandi, P. A. & Turco. S. J. (1987) J. Bilo. Chern. 262.
inherently refractory to other Old World parasites expressing 10384-10391.
relatively unsubstituted forms of LPG (e.g.. L. donovani. L. 22. Adler. S. & Theodor. 0. (1927) .4nn. Trap. Wed. Parasitol. 21.
infantu,,u or an [PG lacking in terminally exposed galactose 911
side chains (e.g.. L. tropica). On the other hand. P. argen- 23. Hevneman. D. (1963) Proc. R. Soc. London B 199. 309-320.

'4. Adler. S.. Theodor. 0. & Wittenberg. G (1938) Proc. R. Soc.tipes would be expected to serve as a common vector for the Londo B 125. 491-516.
transmission of available sympatric parasite species. Such an 2.Adler. S. (1938) Harefua/t 14. 1-6.
outcome may have recently occurred in India. where it 26. Schlein. Y. & Romano. H. (1986) Exp. Parasirol. 62. 376-380.
appears that the introduction of L. iropica into an area long 27. Schlein. Y , Schnur. L. F. & Jacobson. R. L. (1990) Trans. R.
endemic for transmission of L. donovani by P. argentipes has Soc. Trop. Wled. HY'. 84, 353-355.


